It therefore occurred to us (Sandler & Ruthven 1966 ) that an assessment of the ratios of 0methylated to oxidatively deaminated urinary metabolites in both types of tumour might shed some light on this problem. We did in fact observe a clear-cut difference, without overlap, between patients with neuroblastoma-ganglioneuroma and those with phaeochromocytoma. In the latter group there was a greater proportion of metadrenalines, with a mean ratio greater than 0 2. After operation, this value dropped to less than 0-1, similar to normal subjects and neuroblastoma patients. These results were interpreted as confirming the hypothesis that direct liberation of noradrenaline into the bloodstream is responsible for the hypertension of phoeochromocytoma whilst tissue metabolism of this amine predominates in neuroblastoma.
Our experience of tumours of the nonchromaffin paraganglia has been confined to two deriving from the glomus jugulare: both were dopamine secretors.
Whilst it is tempting to try to interpret all the clinical features of the tumours described in this paper in terms of the pharmacological actions of the catecholamines, it is probably necessary to postulate the existence of other active agents to explain some of the physical signs. Occasional patients with phleochromocytoma have polycythmmia (Sjoerdsma et al. 1966) ; it is possible that they produce an erythropoietin-like substance, in common with some cerebral hmmangioblastomata and certain renal tumours (Rosse & Waldmann 1964) . Perhaps of greater interest is the occurrence of diarrhoea in some cases of neuroblastoma-ganglioneuroma (Rosenstein & Engelman 1963) which cannot be accounted for by any known pharmacological action of the catecholamines. It is difficult not to draw the analogy between this tumour complex and the carcinoid syndrome where at least two separate circulating humoral agents have been described (Lancet 1966 The Amine Content of Mast Cells There are two types of mast cell: the more common tissue mast cell and the rarer blood mast cell or basophil. Both are characterized by their ability to elaborate basophilic and usually metachromatic granules in their cytoplasm. Following its extraction from the mast cell, the stainable granular material can serve as a quick-acting, nontoxic anticoagulant, heparin. However, only the dog seems capable of releasing heparin direct into its blood, and then only under the pathological conditions of peptone or anaphylactic shock. The shock itself is caused by a release of histamine.
Histamine in Mast Cells
In 1949, when MacIntosh & Paton introduced the chemical histamine liberators, it was already known that histamine is distributed in variable amounts in most animal tissues and that many of its effects can be blocked by the antihistaminics; nevertheless, the precise cytological location of the histamine remained unknown.
One of the histamine liberators described by MacIntosh & Paton is stilbamidine. If sufficient stilbamidine is injected intravenously into a rat to cause death within a matter of seconds, fluorescence microscopy of tissue spreads discloses that the stilbamidine has lodged in the mast cells. However, if the rat survives for some minutes, the mast cells are seen to have lost their fluorescence and are disrupted (Riley 1953) . Dr West and I then showed that an excellent correlation exists between the density of the mast-cell population of a tissue and its histamine content (Riley & West 1953 , Riley 1959 . Even the basophils in human blood contain most of the histamine (Graham et al. 1952 ). The mast cell manufactures histamine by the decarboxylation of histidine, and stores the product in its granules (Schayer 1956 ). Indeed, histochemical methods are now available for demonstrating the histamine in situ (Schauer & Werle 1959 , Lagunoff et al. 1961 .
5-Hydroxytryptamine in Mast Cells
My original interest in the mast cell began with the observation that mast cells accumulate in the skin of mice painted with a carcinogenic hydrocarbon (Riley 1959 (Riley , 1966 . In 1944 Cramer & Simpson added the fresh finding that such cells exhibit a golden-brown fluorescence in ultraviolet light. Further work then showed that the fluorescence occurs in tissue sections only if formaldehyde has been used as a fixative (Riley 1958) . The substance causing the fluorescence is 5-hydroxytryptamine (5-HT) which reacts with formaldehyde to give a cyclic ,-carboline compound (Barter & Pearse 1955) . We now know that 5-HT is present, in addition to histamine, in the mast cells of both mouse and rat (Benditt et al. 1955) and reaches exceptionally high concentration in the mast cells in precancerous mouse skin (Coupland & Riley 1960 , Fiore-Donati et al. 1962 . As with histamine, 5-HT is a specific product, manufactured and stored in the mast cells. Here the reaction involves two steps: oxidation of tryptophan, followed by the decarboxylation of 5hydroxytryptophan (5-HTP) to 5-HT. Precancerous mouse epidermis is curiously rich in the initial substrate, tryptophan (Riley & Shepherd 1965 , Riley 1966 .
Tumours ofMast Cells
Animals: Mast cell tumours occur most frequently in dogs, especially old dogs of the Boxer breed. A solitary, subcutaneous swelling is removed by the veterinary surgeon, who, nowadays, will perhaps stain with toluidine blue an imprint made from the cut surface of the tumour and so establish an immediate diagnosis of mastocytoma. The histamine value may be as high as 1,000 pg/g of fresh tissue. Sometimes such a tumour has been causing irritation, and by the time the dog is brought for treatment the lesion is ulcerated and infected. Although mast cells may be present in the regional nodes, local removal of the tumour is often curative. At the other extreme of the pathological scale is an emaciated dog which, at autopsy, is found to have gross infiltration of liver, spleen and lungsa generalized 'mast cell reticulosis'. Man: Despite the apparent resemblance between conditions in dog and man, in that in each there may be a local or a general participation of the mast cell system, the following differences are noted. (1) The common site of involvement in man is the skin (urticaria pigmentosa): (2) This condition occurs predominantly in the very young: (3) Typical urticaria pigmentosa may, and often does, undergo spontaneous regression (the first recorded autopsy of a case was made by Ellis in 1949); nevertheless, it is now evident that some patients do also have unsuspected visceral and skeletal involvement. (4) True malignant mast cell sarcoma in man is extremely rare (Selye 1965) . (5) With regard to a possible function for the mast cell, it is of interest that many patients with widespread urticaria pigmentosa exhibit from time to time symptoms and signs of release of histamine, whereas there is little acceptable evidence for hyperheparinaemia in this condition. Hence, at the present time, we are more inclined to regard the mast cell as a secretor of amines than of heparin. The study of mast cell tumours supports this view.
